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FOREWORD

The problems of information storage and retrieval have
received extensive discussion in the past decade, but few
"solutions' to the problems have survived the cruel test

of real world application. Accordingly, the field continues
to engender strong controversies on matters ranging from
problem definition and user need to the best techniques for
using computers. In such a climate, it is rare that cne
finds a dispassionate, factual, and comprehensive state-
oi-the-art report.

This volume provides what I consider to be one of the
more useful state-of-the-art reports now available, even
though it brings the field up to mid-1964.

The report was prepared by Lawrence Berul and his
associates at the AUERBACH Corporation for a commercial
customer. Because the report contains extensive data on
government activities, my office became aware of its
preparation.

Several months ago I asked the AUERBACH Corporation
and its client if there was a possibility that it might be
made available to selected government personnel on a
restricted basis while the information and data it contains
are still current.

In a most generous action, the report has been made freely
available to the government, and it seems desirable that it
also be made promptly available through the channels nor-
mally used for public dissemination of technical reports
prepared for the Department of Defense.

I wish to express a deep appreciation to the AUERBACH
Corporation and its client for waiving their copyright to
this report in order that it may receive prompt and wide-
spread distribution. While my office and the Department
of Defense take no responsibility for the data it presents
and the conclusions it draws, I feel that this state-of-the
art report does deserve to ke read by anyone who is
seriously interested in gaining a better grasp of the field
of information storage and retrieval.

Walter M. Carlson
Director of Technircal Information
Department of Defense
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1.1 BACKGROUND

Information storage and retrieval (IS&R) is a relatively new field which is
developing to improve the communication of information from the originators to the end
users. It is providing new teols and techniques for communicating information which
supplement the more traditional communication methods represented by the professional
journal and the abstract journal. Since the author of a technical paper generally does
not know all of the people who may be interested in it, the paper or message is in effect
broadcast by printing thousands of copies in the hope of reaching the rignt users. Two
factors are presently at work to hinder this tradilional method of non-directed com-
munication. The first is the increased volume of technical information generated; the
second is the increased number of potential readers. As a result, the channels of com-
munication are becoming clogged wiih information relevant to only a small percentage

of the audience.

The antithesis of the broadcast method of communication is the direct method
wherein the user is in direct communication with the originator and a dialogue or con-
versation can take place between them. Direct communication, however, requires that
the originator know the end user or vice versa in order that a direct connection or channel
can be established.

IS&R is effectively attempting to create a bridge between originators and users
of information. If user needs or interests can be defined and the information content of
messages described, information can be automatically switched or routed to the end user,
even though the originators and users do not know each other. The role of IS&R,therefore,
is to get the right information to the right person in the right form at the right time. This
will thereby reduce the degree of redundancy resulting from the reliance on the broadcast
of messages as the primary method of communication. It will also decrease the '"noise
level" or degree of intake of non-relevant information resulting from this method of com-
muuications. The net effect should be an improvement in the productivity of professional
or technical people, who are heavily dependent on external sources of information in

their work.
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1.2 QBJECTIVES

This report was prepa'-ed for a majc : manufacturer of office equipment,
interested in penetrating the market for IS&R equipment and systems. The objective of
the study was to corpile relevant background and interpretive material using the
information resources of the AUERBACH Corporation and the experience of its technical
staff, and prepare a state-of-the-ari{ report which would put the developments in the IS&R
field into perspective and serve to orient a newcomer into this field. The study specifically
avoided the cataloging of special purpose IS&R equipment. The approach rather was to
define the functions of an IS&R system and indicate how and what general type of equipment
could be used in each particular function. The study demonstraies that a typical IS&R
system is a seemingly unrelated set of equipment and procedures. The key to successful
implementation is a well defined set of objectives and an eifective system design which

ties the varied equipment and prccedures into a unified system.

1.3 OUTLINE OF REPORT

This section presents a brief outline or "'road mapn'" to the report. Many sections
contain information which may appear redundant. To an extent, this was unavoidable as
each section of the report is intended to be relatively self-contained with respect to its

purpose, but 2lso each section vicws the field from a different vantage.

Section II describes IS&R as a problem in person-to-person communications. It
presents the overall scope of the problem, basic definitions, and some various methods

for categorizing information systems.

Section IIl presents basic IS&R concepts and techniques. It traces the history of
traditional librarianship through early IS&R systems and up to the present state~of-the-art.
It discusses the major problems in the field whizh include semantics, syntactics, view-
point, indexing, classification, file organization, vocabulary control, and automatic in-

dexing and abstracting.

Section IV describes the various information products and services which are
being employed to a’d the process of communication hetween the originators and users of
information. Both current-awareness and retrospective-type services are discussed.
These information products and services represent the output of information systems;
each product or service is described in terms of its purpose, i.e., the particular user

requirement it is intended to fulfill and its possible forms.
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Section V categorizes the various information system operaiions reguired to
produce the products and services, described in Section IV, into eight basic sys

functions from which ail IS&R systems can be assembled. These basic functions are:
origination, acquisition, surrogation, announcement, index operation, document manage-
ment, correlation, and end-use. A description of these eight basic functions aid their

role in an IS&R system are also presented.

Section VI describes five examples of IS&R applications or systems, for the
purpese of showing how the varicus functions described in Section V are combined to
provide a wide variety of products and services. The particular applications described
are the NASA Scientfific and Technical Information Facility, the General Electric Company
Missile and Space Division technical library, which is a "satellite" of the NASA Facility,
the Army Chemical Information and Data System concept (Traffic Routing Center), an
Engineering Data Center (The Ingineering Data Managemeni Department of the Naval Air

Technical Services Facility) and several examples of real-estate title searching systems.

Section VII describes the economics of information center operations for two
major government information cenlers and presents some comparative economic analyses
of alternate approaches to (1) the index operations function and (2) the documeni manage-

ment function.

Section VIII describes the hardware implications of the various IS&R system
functions. It is not intended to be a catalog or evaluation of specific hardware bui rather
presents a description of the func tional requirements and the general type of hardware

which has been or can be used to meet these functional requirements.

In addition, a discussion of user functions and their equipment implications is
given. This is followed by an analysis of the relationship between index and document
files, which heips to explain the reason for the lack of success of those equipment systems
which have attempted to combine index and document files. A description of file structures
is given for inverted files and linear files as employed on serial scarching devices and on
random access storage devices. This description is supplemented by an appendix on

random access file structures (Appendix B).
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Section IX presents a description of ccmputer software (programs) which
are available for IS&R functions. Special-purpotie devices for searching index files and
document files have not been particularly succesisful. Special-purpose computer pro-
grams used with general-purpose computers have been relatively more successful than
the special-purpose equipment. Consequently, tlis section describes the type of functions
which can be performed by computer and describes the programs which are generally

available for these purposes.

Section X presents a summary technica. evaluaticn of the state of the art and
a prediction of trends within each of the eight basgi: system functions which make up all
iIS&R systems.

Reference numerals throughout the text refer to a bibliography which immedi-
ately follows Section X. A supplemental bibliograply on the subject of Automatic Indexing
and Automatic Abstracting is included as Appendix A. Appendix B presents a detailed
discussion of random access file structure:s which was considered important enough for
inclusion in this report. A glossary of IS&R terminology is included in Appendix C. This
glossary has been compiled from numerous existing glossaries in the field. However, it
has been modified considerably to eliminate much of the ambiguity which is present in the

IS&R terminology.
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SECTION II. INFORMATION STORAGE AND
RETRIEVAL — A COMMUNICATIONS PROBLEM

The relatively new field of information storage and retrieval is concerned
with improving the coramunication of recorded information among three types of individuals
or groups:

(1)  The originator of information ~ one who develops or
first record: information.

(2)  The indexer or librarian -- ore who is responsible for
the proper storage of information so thet it can later be
retrieved and used.

(3)  The user of information — one who requires infcrmation
as a resource in solving his problems.

2.1 METHODS OF PERSON-TO-PERSON COMMUNICATION

Most of the information received by individuals in their daily lives, and neces-
sary to the conduct thereof, is probably obtained via the sense of hearing, largely because
of the omnidirectional nature of this sense. As a result, most of us seem automatically to
prefer to receive information "'by ear." This is especially true when we can enter into a
conversation with the person who is providing us with information. We can provide im-
mediate feedback to clear up misunderstandings and to ensure generally that the message
is being correcily reccived. Untortunately, messages received ‘'by ear" are ephemeral
and cannot be reproduced exactly cr referred to later (except in the case of sound re-
cordings, in which the conversational advantage of feedback is lost). Further, it is not
possible to talk to, or even to know of, all persons whu might provide one with information
most useful in solving a particular problem at hand. Hence, we have made increasing use
of writien, non-ephemeral messages in order to communicate information from the mind of
one person to that of others. In fact, abstract or complex information must be received via
the sense of sight, preferably in permanently recorded form which permits repeated ref-
erence thereto, mulling of the information in the mind, graphical representation, and ulti-
mate comprehension. Upon this fact hinges most considerations of information dissemination,

storage.and retrieval.
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2.2 COMMUNICATIONS CONTINUUM

There are two facets of nearly all communications problems that are significant
to consider in the field of information storage and retrieval. These facets are what may
be called "feedback of information" and the "degree of abstractness" of the information
being communicated. Figure 2-1 illustrates the Ccmmunicative Continuum depicting the
""degree of abstractness' in the ordinate dimension and the 'degree of feedback'' in the abscissa

dimension.

2.2.1 Feedback

Perhaps the best example of feedbz.ck in a communication process is a conversa-
tion between two persons, since a conversation provides a two-way communication link
over which messages are sent. There is a continual stimulus-response: remarks call
up other remarks, and the behavior of the two individuals becomes concerted, cooperative,

%
and directed toward some objective. (45)

Newspapers, magazines, and journals provide greater opportunity for communi-
cation between the originator and recipient of information as compared to history,
archaeology, and cosmology. However, the feedback derived from sucha communications
link as the letters to the editor of a newspaper or magazine s still several orders of
magnitude lower than the feedback provided by person-to-person conversation. The
presence or absence of this type of feedback capability is an important consideration in the
design of information systems, which are aimed at improving the process of communication.

For example, one design consideration is whether the user should be able to conduct a

dialogue with a retrieval system either directly with the machine or through an intermediary.

2.2.2 Abstractness

The ordinate dimension of Figure 2-1 portrays the degree of abstractness of the
information being communicated, wherein abstractness refers to the amount of abstract
thought required to utilize the information involved. Notice at the low end of the continuum
that such things as multiplication and logarithmic tables do not require much abstract
thought inasmuch as there is little ambiguity in the interpretatior. of such information. At
the other extreme, however, music, art, humor, and poetry require a considerable

amount of abstract thought, thereby creating considerable difficulties in communication.

* Referen’ ¢ numerals in parentheses refer to the Bibliography.
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2.2.3 Zone of Retrievability

There is less interest in retrieving highly abstract information such as music,
art, poetry, and the like, and in any case, the practical problems involved are quite
significant. Also, those forras of information such as history, archaeology, and cosmology,
which are at the extreme end of the feedback dimension, are probably outside of the zone of
retrievability from a practical standpoint. The shaded area in Figure 2-1 represeats the
practical limits of the zone of retrievability and it is this area that is treated in this

report.

2.2.4 Information Retrieval-Data Retrieval

Within the context of this report, no distinction will be made between information
and data or information retrieval and data retrieval. Where these distinctions are made
outside this report, data is generally used to characterize material which is easily
quantifiable, non-abstract, and which can be fermatted; and conversely, information is
material which is conceptual, descriptive, usually narrative, and may he judgmental,

and is not sasily quantifiable or formattable.

Information storage and retrieval (iS&R) as used in this report is generic to all
variations of the problem of storing, locating, and selecting information of any kind,
whether it is in graphic or digital formn and whether the desired output is a document or a

speciiic fact.

2.2.4.1 TDocument Ketrieval. The most common type of IS&R system provides as an

output ore or more documents which may be relevant to a request. In many cases, the
first output of a system is a series of surrogates representing the documents, such as
accession :.ambers, citations, or abstracts. All of these variations are also considered

document retrieval systems.

2.2.4.2 Fact Retrievai. Systeras are being developed which provide specific answers

to inquiries, such as the name of a part having certain characieristics, rather than a
document surrogate. These systems, which are also exaraples of IS&R,are sometimes

called "fact retrie -ul'" systems.
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'The major difference beiween document retrieval and fact retrieval systems is
in the degree of specificity which can be achieved by the system. Fact retrieval systems

require a greater depth cf indexing and permit much more specific qucries to be made of

the system.

225 Graphic vs. Digital Information

Distinctions are sometimes made between graphic and digital information.
These distinctions lie essentially in the form in which the information is stored. Graphic
information may be stored in the form of books, catalog cards, loose-leaf notebooks.
graphs, microfilm,. and the like. Digital information includes any coded representation

which can be processed by machines without first requiring a transformation inte machine

language.

23 CLASSIFICATION OF INFORMATICON SYSTEMS

There are a number of ways of classifying information systems. Table 2-1
presents 10 different methods of classification with a few exaraples of the individual classe«

within each method. These 10 methods are:
(1) Class of Information
(2) Subject
(3)  Type of Organization
(4) User Job Description
(5)  Categories of Use
(6 Mode of Use
(7)  Performance Characteristics
(8) Form of Information
(99  Output Media

(10)  Type of Information Stored
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TABLE 2-1.

METHODS OF CLASSIFYING INFORMATION SYSTEMS
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o Performance . . of Information
s of Use Mode of Use Characteristics Form of Information Output Media Typeswred ‘
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Retrospective Relevance Reports TV Display Usage Data
<
Specificity Journal Articles Micreoforms Demand Data :
d Controt Timeliness Memoranda Opague Engineering Drawings 1
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or Action Reference Tools 16 mm Failure Data ]
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; Printed Page
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Each of these methods of classification may be useful for some purpose and
from various points of view. From an applications point of view, for example, classifica-
tion of type of organization by subject {ield, by user job descripiion, or by type of infor-
mation store may be useful for identifying distinct markets. On the other hand, from a
systems design viewpoint, classification by categories of use, mode of use, performance
characteristics, and form of information are of more direct use and are discussed in

more detail in the following paragraphs.

2.3.1 Current-Awareness and Retrospective Services (Mode of Use)

All information services may be categorized as being either a current-awareness
service or a retrospective service. Current-awareness services generally aid a user in
keeping up with what is happening. Retrospective services are designed to aid a user in
determining what has transpired in the past. Newspapers, newsletters, memoranda,
journals and magazines, and even abstract journals are examples of current forms of
recorded information which are useful for current-awareness purposes. When such items
are stored (and when the store is provided with a finding mechanism — such as an index),
they become useful for retrospective purposes as well. he name Information Retrieval
implies a retrospective purpose, i.e., a search of stored information. Most infermation
systems, however, provide both current-awareness and retrospective products and

services.

2.3.2 Use of Information

In general, little is known concerning the needs of users with respect to informa-
tion content, characteristics, and form, although this is the most important consideration
in IS&R. Because of the lack of reliable information concerning users' needs, 6 the art
of information dissemination, storage, and retrieval is notably confused. A variety of in-
formation products and services with many different characteristics is being offered tothe

potential users — and sometimes without a clear understanding or their actual needs.

An important aspect concerning the use of information systems is the common
reluctance of people to use information systems, however well devised. Mr. Calvin N.
Moocers has hypothesized what has come to be known as "MOOERS' LAW" which states:

"...an information retrieval system will tend not to be
used whenever it is more painful and troublesome for a 3
customer to have information than for him not to have it. n(32)
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The rationale behind "MOOERS' LAW'" is that it is frequently painful and
troublesome to have infoermation since you must obtain it, read it, and then understand it,
which is not always easy. It may also require you to make a decision or prove ihai your

work was wrong or neediess.

2.3.3 Categories of Use

Information systems may be used by different people for various reasons. One
type of user may want a general survey of the literature in a field he is only slightly ac-
quainted with. Another category of use might be called verification of existence, e g., a
prior art search for the purpose of ascertaining the patentability of a new device or a
search to verify the validity of a real estate title. A manager of a censtruction or main-
tenance organization may wish to utilize an information system to pull together all of the
information which is relevant to a particular task so that it might be disseminated for

action to the foreman along with the wo order.
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Each of the abcve categories of use as well as many others will require different
characteristics of information output, which characteristics are described in the next para-

graph. Table 2-2 lists a number of categories of use and shows the probable characteristics
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of th_ information required, indicates whether the irformation service is of the current-

awareness or retrospective variety, or both, and the probable form of the information

required. More reliable predictions of performance characteristics would reguire a deter-

mination of user needs and detailed system requirements.

2.3.4 Performance Characteristics of Information Systems

¥rom the viewpoint of the recipient, information systems have three major
performance characteristics. completeness (recall), relevance, ard specificity. Com-
pleteness refers to how many of the stored documents containing relevant information
are supplied to the user. Relevance refers to how much of the information suppliec to the
user is pertinent to his needs. Specificity is a comparative term which refers to the
degree of generality of the relevant information supplied. For example, information on
race horses is more specific to an inquiry on race horses than information on horses

generally. although the latter information may be relevant.
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Differeat users require ‘lifferent degrees of completeness, relevance, and
specificity. A man engaged in basic research in one of the sciences might require rather
complete informaticn on the subject in question, particulariy in the early stages of his
work, but wouid not require that the information received be complisiely re
might even be distressed with information that is too specific (e.g., too quantified). A
design enginser, on the other hand, would not require complete information (say, on all
electric motors) but rather would need highly relevant information coupled with specific

performance data.

In 1961, investigations in England(u) found that in all information systems
there is a "trade-off'' between completeness and relevance. For example, in a retrieval
situation, an inquiry might be answered by responding with the entire file; completeness
would be high but relevance would be low. Alternatively, the response might consist of
only one relevant item; relevance would be high but completeness may be very low. Be-
tween these extremes lies a spectrum of possibilities. Invariably, the characteristics of

completeness and relevance vary inversely with each other, but not linearly.

There is no optimum completeness/relevance trade-off point for any given infor-
mation system. Consider the inquiry: '""How many tons of coal were produced in West
Virginia in 1962?" Although there may be on file 100 items containing this information,
the inquirer wants only one of them. Highly specific inquiries require responses with a
high degree of relevance but a low degree of completeness. At the other extreme, very
general inquiries require responses containing generalized information. The emphasis is
on the completeness rather than the relevance of responses. Specificity of information,

therefore, is a very important characteristic of information.

2.3.5 Ferms of Information

To each user, the form or packaging of the recorded information is important.
There are three major degrees of form: individual items, reference tools, and correla-
tions. "Form,' as used in this report,has a broader meaning inan format. Format has to
do with the arrangement of information elements and is important in fact retrieval systems
as well as document retrieval systeme. Form is more pertinent to document retrieval

systems. Individual items include letters, drawings, memoranda, standards, reports or
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articles appearing in newspapers, jourrals, etc. The user usually has to "'piece together"
from many such individual items the exact information he really needs. Reference tools,
appropriately indexed, include abstract journals, catalogs, indexes, libraries. annotated
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user to locate items which may be relevant 1o his needs cnd tentatively to evaluate them
for relevance prior to examining the full text of the individual items themselves. Correla-
tions include such items as stace-of-art reports, handbooks, fact retrieval systems, and
the results of manipulations of quantitative information with the objective of providing
direct answers to the questions at hund. Within each of these basic forms of information,

a large number of variations is possible.

2.8.5.1 Individual Items. The first orm of infcrmation to be :onsidered is that of the

individual itemn, which is part of either the separate or serial literature. For almost two
centuries, the separate literature (Locks) was reserved for relatively complete information
of relatively permanent value, whereas the serial literature (journals) was used to report
information quickly of a partial, ephemeral, or interim nature. Libraries tended almost
to ignore the serial literature, generally limiting their treatment thereof to the coliection
and binding of the journals with no cataloging orindexing of individual journal articles. The
void in coverage of serial literature was eventually filled. at least in part, by the abstract-
ing and indexing services. Other types of individual items such as drawings, memoranda,

letters, etc., were rarely organized by library methods.

Around the beginning of the 20th century the report, a different form of separate
literature, became important, but for four decades thereafter it was confined largely to
internal operations of individual organizations. In the 1940's,however, the increasing role
of Government sponsorship in the area of research and development and other circumstances
combined to promote the report to the status of a major medium of mass rather than private

communication.

The report is characteristically not subject to critical review prior to publica-
tion (as are most journal articles and books), yet it tends to contain information less
ephemeral than journal articles. The insubstantial physical construction of reports (compared
to books) and their burgeoning numbers also caused problems. But, most important, there
was no estabiished mechanism for disseminating reports regularly to all potential users

(vs. the ability of any potential user to subscribe to a journal), and the vast quantities of




reports generated precluded the announcement of their exis.ence in the media normally

used for the announcement of newly published books.

Centers were created wherein reports could be collected — e.g., ASTIA
{now Defense Documentation Center), and the Office of Technical Services. Such
centers collected, abstracted, and indexed the accessioned reports and often published
abstract journals as current-awareness tools. When a user requested a report, a

photocopy was created for him or supplied from stock.

2.3.5.2 Reference Tools. The creation of ce:tral coliections of reports made

essential the creation of effective reference tools (e.g., abstract journals, catalogs,
indexes) for both current-awareness and retrospective purposes. Improved announce-
ment techniques had to be developed. Indexes to the collections — indexes better than
those previously used for boocks — had to be created. These reference tools are the

second major form of information.

Reference tools direct the user to the individual items which seem to be of
interest and permit him to evaluate individual items without actually obtaining them by
providing a meaningful surrogate such as an abstract or a title. Whereas the individual
items unassisted are generally useful only for current-awareness purposes, the addition

of reference tools makes them useful also for retrospective purposes.

2.3.5.3. Corr:lations. So far, we have discussed two information forms: individual
items and reference tools. The third form of information to be considered is that of
correlations. Correlations which include state-of-the-art syntheses, handbooks, and
fact retrieval provide the user with the exact information required at the moment. Thus
they are distinguished from individual items. An item may provide information possibly

needed in the future (current awareness) or part (but usually not all) of the information

needed at the moment. Users usually have to perform their own correlations of individual

items. Correlations are also distinguished from reference toels, which permit the user
to evaluate individual items (before actually obtaining them) by directing the user to those

individual itermys which seem to be of interest.

—m  ewn PR R ATk

-—

%‘"“‘""'"““““ﬁ*? - sy — ———— e ) — -

|
|
|




The typical current-awareness correlation is a statc-of -the-art report. Such

a report appears regularly in some journals. Because of the lack of knowledge concerning

(6)

arc truly useful, nor whether other and different types of statc-of-the-art reports are

user's needs, ' ' it is not certain whether maay of the state-of-the-art reports now created
required. This form of information is likely to remain in stasis until better means are

developed to determ.ne the true and current needs of potential users.

Gisen a request by a user, it is theoretically possible to ''tailor" a state-of-the-
art report to satisfy the request  In practice, this is so time-consuming and expensive
that such procedures are practicable only when wealthy or powerf{ul users make requests
of an appropriate information center. There appears to be little likelihood that this situa-

tion will change markedly.

On the other hand, retrospective correlation of quantitative (or near-quantitative)
information has long been practiced, and even more generally since the advent of com-
puters. Quantitative data, being precisely definable, tends te develop a small vecabulary
even for large systems. Further, with some effort, the vocabulary may be established
almost completely prior to the initial input of data into the system. Synonymous situations
may be einninated, and hierarchical relationships may bhe made relativelv invariant, i.e.,
there are no unspecifiable relationships. Finally, the syntactical problem can be solved
by formatting, either by specifying certain fields for particular elements of information

(closed format) or by tagging various elements of information with a vnique coae.
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SECTION III. INFORMATION STORACE AND RETRIEVAL
CONCEPTS AND TECHNIQUES

The heart of any information storage and retrieval system is that portion which
makes it possibie for the user (or the user's agent) to locate the information which is
needed or of interest. Without a satisfactory locating function, an IS&R system is useless.
Thus, over the years, a great amount of time and effort have been expended in developing

satisfactory methods of locating information contained in a collection.

The first approaches to the problem of developing a method of locating informa-
tion had their roots largely in philosophical and (to at least some exient) metaphysical
concepts. For centuries, there had been a consensus that there is inherent order in the
universe. Hence, there could be order in all our information about the universe if only
we could know enough to perceive that order. This idea was encouraged during the heyday
of the "causative" or ''mechanistic" concept, when it was held that all events are caused

by preceding events and can thus be predicted, if the interactions of current events cal. he
detailed =sufficiently.

3.1 TRADITIONAL CLASSIFICATION AND INDEXING

The feeling that there was an inherent order in knowledge brought about attempts
to organize knowledge accordingly. The result was the development of hierarchical classi-
fication, which attempts to (1) group together those subjects which are alike, (2) separate
those subjects which are not alike, and (3) provide an essentially continuous gradation of

separation with respect to degree of similarity.

The Dewey Decimal Classification (DDC),*®) first published in 1876, was the
first widely-used example of hierarchical classification. Even Dewey, however, recognized
that ""one-place' assignment of a concept in a framework of all knowledge (i. e., assumption
of an inherent order) did not reflect the real world, and he provided for "para!lel divisions"

(i.e., common sub-categeries were provided under many of the main categories).
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Cutter followed with his Expansive Classification'’? in 1822, which formalized "common

sub-divisionsg, " separated from the tabie of general divisions.

The Universal Decimal Classification (UDC) ,(26) based upon DDC and developed
around the turn of the zentury, nrovided in its notation an ability to express two types of
relationships between subjects -- the hierarchical (or class inclusion) relationship and a
"'general" relationship covering all cthers. In 1901, the Library of Congress Classification

(LC)wasdeveloped. bascd largely upon Cutter's work.

The first real break with the éoncept of inherent order came in 1933, with the
publication of the {irst edition of Raganathan‘’s Colon Classification (CC).(SS) Later and
more generalized elaborations of CC have become known as 'faceted classifications."

In such systems, hierarchical relationships are still fundamental. Individual docu.ments,
however, can be assigned to several different places in the classification and the complete
notation of such assignment will then include the notations of all the clas ses employed,
each individual notation separated from the others with a colon. Elaborate rules concern-
ing the order in which the individual notations are listed, or "rotation" of the complete
entry so that each individual notation is used as a filing entry, provide multiple-access
capability for CC. Nevertheless, the inflexibility of the fundamental hierarchical scheme
penalizes CC just as it does earlier classification. I every new concept must be inte-
grated into an established, rigid framework, either the new concepts will ha- 2 to be struc-
tured "'to fit the system' or else the system will have to undergo major revisions. New
concepts almost by definition change the classifications, the hierarchical relationships.or

the structure.

Because of this inherent rigidity of classifications, there developed a trend
toward using mere "subject headings," which could be arranged alphabetically. Subject

heading systems thus abandoned entirely the concept of inherent overall order. In socme

instances, however, a certain amount of hierarchy was introduced by providing sub-headings

for major subject headings. For example:

Brick

Firebrick
Silica Brick
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Bridges

Arch Bridges
Floating Bridges
Lift Bridges
Portable Bridges
Suspension Bridges

Brighteners
Brines
Briquets
etc.

Under these circumstances, it was often difficult to find the term "Arch Bridges" (for
example) in an index, in that it appeared under "Bridges' (in the B's) rather than between

""Archacology" and "Arches' (in the A's).

Thus, for the alphabetical systems (whether or not hierarchy was also employed),
cross-referencing between terms {(e.g., ""see," 'see also') became essential. The prob-
ability of finding relevant terms was, to a large extent, a function of the ingenuity of the

user.

3.2 COORDINATE INDEXING

It is not difficult to see how the last vestiges of the concept of inherent order
(i.e_, hierarchy) could be discarded and the other aspects of faceted classification com-
bined with those of alphabetical term lists to form the foundation for coordinate indexing,
a new and more flexible approach. In fact, coordinate indexing did not first arise in this
manner, but rather via the utilization of mechanical devices, aad the relationship of
coordinate indexes to earlier types of indexes and classifications has been recognized,

generally, only in retrospect.

Coordinate indexing utilizes the concepts of Boolean algebra in searching and
retrieval. For example, it assumes that if 2 document is indexed by the terms "Reproduc-
tion' and "Books" that the document discusses repreduction of books. That is, the logical,
Boolean intersection of the set of documents indexed by ""Reproduction' with the set of

' documents indexed by '""Books' will be the set of documents discussing reproduction of books.
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Similar reasoning is {ollowed wit set to logical union. The set of documents about
documents is assumed to be the union of the sets of decuments indexed by the terms "Bookz, "
"Reports," '"Monographs, " "Letters," "Brochures,' etc. Logical negation (A but not B)

can be similarly utilized. Thus, coordinate indexing permits the use of less complex terms
during indexing and allows the more complex concepts to be formulated during retrieval.

Figure 3-1 is 2 Venn diagram illustrating logical intersections, unions, and negations.

3.2.1 History of Coordinate Indexing

The first well-known technical application of the technique was made by Batten
in England during the 1940's, when he indexed documents about chemistry by coordinate
methods. (5 He used the dedicated-space, internally-punched card (e.g., peek-a-boc,
Batten or "Termatrex'card) as a physical device. (See Figure 3-2.) Each card stood for
a given terra. Such a card dedicates oune of a large number of positions on each card (the
same position on each card) to one document. When a particular term is used to index a
document, a hole is punched on that term card in the proper document position. During
retrieval, the appropriatc term cards are superimposed and documents indexed by all
the inquiry terms are signified by a coincidence of punched holes on all the term cards
(i.e., logical intersection). Logical unions or logical negations are considerably more
difficult to perform with such a device.

(33) then developed the "Zatocoding' sysiem, which provided one edge-

Mooers
notched card per document. A certain combination of notch positions was allocated for
each term, and the entire deck of cards (one per document) was examined (via the usual
"knifting needle' technique) to find those with the notched positions of all inquiry terms
(i.e., logical intersection). Logical unions could be performed by searching tor each
term in sequence ard combining the cards found for each term. The primary advantage
of this random superimposed coding method is that it reduces storage recuirements by
making effective use ot hole positions. It does produce some '"faise drops' or wrong

answers, however, because the code combinations are not all unique.

Taube(42) then promoted the "uniterm" system which was similar to the Batten
system (one card per term), except that space for each document was not dedicated.
Rather, document numbers were entered (posted) on the cards and retrieval was performed,
i for intersections, by finding matched postings on 21l the cards of the inquiry terms. Unions
3-4
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Figure 3-1. Venn Diagrams
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could be developed by merging the postings on term cards. Figure 3-3 illustrates a

logical intersection on printied uniierm cards.
Both Mooers and Taube promulgated intellectual techniques to accompany their
physical index devices. Mooers suggested the use of index terms which he called
"descriptors.' In this original sense, "descriptors'" are very broad terms, each with a
scope so well delineated ‘hat the ''descriptors' become merely ''tags'" for the delineated
concept. Taubes "uniterms" were originally ccnceived as single-word index terms
chosen from the text being indexed (i.e., "free indexing'). Subsequent developments,
however, have proved that short phrases rather than single words are often most usetul,
and that index terms brought to mind by the text (or by some cross-referenced authority

list of approved index terms) are also useful.

Multi-word terms (or phrases) tend to be more specific than do single-word
terms; hence, the evolution of the "uniterm' system has resulted in its diverging con-
siderably from the "descriptor' system. In general, the larger the collection indexrd,
or the more complex the information contained therein, the more appropriate is scme
modification of the "uniterm'' system. This is particularly true when a current-awareness
index is being provided. In such indexes, the terms should "stand alone," instead of being

useful only in conjunction with other terms.

Taube's basic idea of "free indexing" using the full range of terms found in the
text has proved better in practice than Mooers' small vocabulary of broad ""descriptors. "
When vocabulary control is considered, however, Mooers' approach is more practical.
Mooers felt that not all possible words would be useful "descriptors" and that the language
of ordinary discourse should be translated into ""descriptor" language for purposes of
indexing and retrieval. Taube felt that the language of ordinary discourse shouldbe used
for indexing and retrieval. Taube's approach, however, is fraught withk difficulties, as
described below.

Indexes use words to constitute their index terms, and words are imperfect com-
munication devices. The same word will mean two different things to two different people,
or the same concept may be described by twe different people using two different words.

Further, the viewpoints of different persons affect their use of a common vocabulary. One
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person may view a i A broader point of view than
another (e.g., horses vs. (race) horses). Finally. the order or arrangement of words
(i.e., syntax) may cause difficulty in communication. It is thus necessary to introduce
specific syntax and vocabulary rules into vocabulary development efiorts before signifi-

cantly useful retrieval services can be provided, particularly for large files.

How may such rules and utility be introduced :.io a retrieval vocabulary?
Mooers' approach was to classify the language of ordinary discourse into broad (not
necessarily hierarchical) categories, each of which he called a "descriptor.' Such an
approach is not applicable when 2 full range of term specificity is to be provided in a

vocabulary.

322 The Thesaurus Approach

The approach to vocabulary cont:ol which has hecome most widely used during
the past few years is that of providing a thesaurus(48) for the retrieval vocabulary. An
information retrieval thesaurus generally has several characteristics: (1) it lists vocabu-
lary terms authorized for use in the system, (2) it exhibits relationships among these
terms — relationships such as synonywiy or hierarchy, and also relationships which may
indicate synonymy or hierarchy from some points-of-view but not generally, and (3) it

defines the vocabulary terms to the extent required.

The functions of an information retrieval thesaurus are (1) to permit indexers
of documents containing valuable technical information to index (i. e., describe) more fully,
and at different ievels of generality and from many technical points-of-view, the informa-
tion contained in documents.and (2) to permit searchers for information to phrase inquiries
appropriate to the scope and degree of their immediate interests — inquiries employing all

terms of the retrieval vocabulary which have appropriate meaning and specificity.

3.2.2.1 Listing of Vocabulary Terms. An information retrieval thesaurus may serve

as an authority list in the conventional manner. Any term which an indexer wishes to

employ to describe a document but which is not in the thesaurus must have its use justified.

3-9




it may be that the term being considered for use is sufficiently near in meaning
to an already-accepted term that the accepted term can be employed instead or, if the
ex for the

candidate term is more desirable,it can be substituted throughoui the index for

previcusly-accepted term.

It may be that the candidate term is not a near-synonym of an existing term but
describes a member of a class of objects or events described by the existing term. If the
candidate term is not expected to become important in the system, the broader existing
term may be used in lieu of it to index the document and the candidat. term rejected

accordingly.

3.2.2.2 Exhibiting Relationships Among Terms. There are two basic relationships

among terms important in information retrieval; these are the relationships of synonymy
and hierarchy. A. ‘oted above, however, two terms may be related synonymously from
one viewpoint and not from another. For example, "Salvage" and "Reclamation' may be
synonyms from many viewpoints, but from at least one viewpeint they are near-antonyms;
from this viewpoiat ""Salvage' is more nearly synonymous with "Scrapping'. Similar
comments can be made about hierarchical relationships. In such instances, when synonymy
or hierarchy cannot consistently be specified, the occasional or possible existence of such

relationships must nevertheless be exhibited in the thesaurus.

There are, of course, very few true synonyms other than spelling variations
("'Sulfur" vs. "Sulphur') or abbreviations ("mph" vs. "Miles per Hour"). However, in the
context of aay given information retrieval system (even that of a large system) many terms
are sufficiently close in meaning so that they can be treated as synonyms. This is es-
pecially true with very specific terms (e.g., "Imperfections" vs. "Defects'"). The specifi-

cation of synonymy, however, must be cauticusly undertaken.

Just as there are few true synonyms, so alco there are few (if any) fundamental
hierarchical relationships. Again, however, within the coatext of a given system, hier-
archical relationships among terms can often be specified (e.g., "Electric Motors"
narrower term: "D-C Motors' and conversely "D-C Motors" broader teim: "Electric

Motors"). In addition, where there are more than two "levels" of hierarchy, all levels

should be exhibited.
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The "see-also' reference has long been employed by most library systems to
indicate the unspecifiable reiationship (and in addition, usually, to indicate the "down"
hierarchical velationship roted above). The noiation "'reiated terms’ is becoming inZreas-
ingly preferred to indicate this relationship, thus distinguishing between hierarchical and

unspecif{iable relationships.

3.2.2.3 Defining of Terms. By exhibiting synonymous and hierarchical relationships

among terms, term definitions are provided as well, partly by extension and partly by
intension. Occasionally, however, a word will occur which has several different meanings.
These words are homographs. Usually, brief parenthetical modifiers wiil suffice to dis-
tinguich between the terms, e.g., contact (1neeting) vs. contact (electrical). Occasionally,
particularly when a term is very broad in meaning, there is need for another type of

scope note — an instructional scope note; such a scope note limits the meaning of the term
and specifies how it should be used so that it will not be overused and thus lose its retrieval
utility. Finally, there occasicnaily appear terms which are escteric or unfamiliar or used
in an unusual manner; such terms require definitive scope nntes — i.e., true definitions.
Our experience has been that only a small percentage of the terms in a vocabulary require

definitions.

3.2.2.4 Practicability of Thesauri. Because any one profession has such a large opera-~

tional vocabulary, it may reasonably be asked: "How can all terms of the vocabulary be
included in the thesaurus and all cross-references be provided without excessive cost and
buik?'" The answer, proved in every vocabulary investigation to date, is that the retrieval
vocabulary need he only a fraction of the size of the operational vocabulary. For example,
the archit¢ ct may use the term "Gracefulness' as an operational term, but for retrieval

purposes a more general term, such as "Esthetic Quality,' should be more a-2ropriate.

In fact, most terms in any vocabulary are seldom used, and fci 3! :icxing ancd
retrieval purposes a few slightly more general terms may be substituted for the numerous
very specific terms, with the result that the retrieval vocabulary is reiatively small. It
has previously been found(zo) that the vocabulary size (V) of a scientific or
engineering information system is related to depth of indexing (d) and number of items

indexed (D) according to the approximation:

V = 3330 log,, (Dd + 10% - 12600
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provided that proper names (or their equivalents, such as naimes o
compounds) are excluded from the vocabuiary. The logarithmic factor represents the

fact that the growth of the vocabulary is considerably slower than the growth in the number
of iterns. There would be required, of course,a list of single-entry cross-references
from overly-specific operational terms to slightly-broader retrieval terms, and this list
would grow larger with the size of the collection. Such a list would require very little
space, however, in either a printed or a mechanized system. in that each operational,
specific term would appear only once, vith a brief reference to the appropriate retrieval

term or terms.

3.2.3 Syntactical Problems

The traditional pragmatic and semantic problems of communication are thus
shown to be subject to reasonable solution via appropriate techniques of vocabulary controi.

The traditional problem of syntax has required the applicatior of different techniques.

A symptom of the syntactical problem is the retrieval of non-pertinent informa-
tion. For example, a document indexed by the terms '"Cleaning," '"Coal," "Grinding,"
and "Beiler," might be concerned with "grinding of coal" and ""cleaning of boilers," but
not "'cleaning of coal.' Yet items covering the latter would be retrieved as a result

of a request for all documents inuexed by '"cleaning" and "coal. "

Retrieval of non-pertinent information as a result of syntactical ambiguity
becomes more likely as the depth of indexing increases, because there are mcre possible
term combinations, many of which are spurious. Thus, if deep indexing is employed,
syntactical ambiguity mustbe minimized. Two basic means of doing this have been em-

ployed, either singly or together.

3.2.3.1 Linking. The first technique used to combat syntactical ambiguity is that of
item subdivision. In effect, each item is indexed as if it were a number of smaller or less
comprehensive items, thus reducing the depth of indexing on each individual part of each
item  The technique is known as linking and has also been called punctuating,

or interfixing.

For the examp'e given above, one link (A) of the item wouid be indexed by the

terms "Grirding' and ""Coal" while another link (B) would be index=d by "'Cleaning' and
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""Boilers'" thus avoiding false retrieval. Presumably, a third link (C) would be indexed

by "Coal” and "Boilers.'" The index for this example (DOC #100) could be symbolized as

follows:
TERM DOC. # LINK(S)
GRINDING 100 A
COAL 100 A C
CLEANING 100 B
BOILERS 100 B, C

The use of "links" or their equivalent increases markedly the cost of
indexing. Care must be taken to make all appropriate ""connections' between term pairs.
Otherwise, pertinent information may not he retrieved during searchiag. The resulting

redundancy also increases the size of the index.

3.2.3.2 Role Indicators. The second technique used to combat syntactical ambiguity

is that of using role indicators (also known as modulants). In effect, each term is in-
flected by a small number of quite gereral role indicators to create a larger vocabulary
of more specific terms. The technique avoids syntactical ambiguity which cannot be
avoided by the use of "links." For erxample, a document discussing the use of Mylar* for
packaging might oe indexed by the terms ""Packaging' and "Mylar." However, it would

e a

be retrieved by a request for documents discussing the packaging of Mylar. The use of

links would not avoid this type of false retrieval. The application of a role indicator,

[ T

such as ""Uses of, "' to the term "Mylar" would solve the problem.

A set of role indicators ideally should be mutually exclusive (and thus

MOt ementrmas

reiatively small in nuraber) and collectively exhaustive (and tlL.as relatively laige in number).
The ideal is obvicusly never achieved. A ''‘good' set of role indicators is not casy to
f develop. In general, the tendency is to emphasize the use of a small number of roles,

thus miinimizing the complexity of rules for their use. The use of a small set of roles

- ——

increases indexing costs by perhaps only 1C percent, but increas~s the effective size
of the index vocabulary at least several~fold. The best-xnown set of role indicators tc~
day is that developed by the Engineers’' Joint Council. (29)

*  Registered Trademark.
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Several studies have been made to evaluate the effectiveness of the use of
links and roles in information retrieval systems. One rather detailed investigation made

(39) concludes that roles are not effective

by Sinnett, and reported on as a master's thesis,
in improving recall and relevance, and increase indexing time and question formulation
time by a significant amount. Links, on the other hand, were found to reduce irrelevant
information retrieved by over 56 percent, with less than a five percent loss of relevant

information.

Barbara Montague of duPont in another study, (31) however, concludes that roles
appreciably increase relevance but reduce recall through errors in application, and re-
present 11 percent of total indexing cost. Links were found to represent four percent of
total indexing cost, but did not appreciably affect the recall or relevance of patent re-
trieval. This latter point is inconclusive, however, as patents normally a  ‘imited to

one composition or process, which can usually be indexed in one link.

3.3 AUTOMATIC INDEXING AND ABSTRACTING

3.38.1 Automatic Indexing

Because indexing by human beings is at he st costly and at worst inconsistent,
efforts are being made to develop automatic indexing techniques which employ cemputers
to assign index terms to documents. Input to such an operation may be citations, absiracts,
or full text. The present method of input is to keypunch the material to be indexea. Key-

punching is excessively expensive ior full-text but fairly cheap for citations or abstracis.

Optical character readers are being devecioped such that text can be converted automatically

to machine-1eadable media. Indications are, however, that optical character readers will
be either too specialized (i.e., for oniy one-type font and size) or so costly that only large-~

2ale operations can afford them. Machine-readable text may also be obtained as a by~
product of document preparation where automatic typesetting ie employed, but this is
limited probably tc those sources which the "system' can control.

3.3.1.1 KWIC Indexes. At any rate, once the text of the item surrogate is in machine-

readable form, a number of things can be donre with it. Titles can be used to create

key-word-in-context (KWIC) indexes. (30)

The computer uses each word in the title s an
index term, and lists therewith the title. Thus, the title appears in the index once for
each word in the title. "Non-inforining' words (e.g., "and," "or," etc.) are excluded,

based on 4 "common-word" list against which the computer compares each word in the
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title. Unfortunately, KWIC indexes are inherendy lightly indexed and no vocabulary
control is exercised, (other than eliminating non-significant words), thus making the:a
only partially effective for retrospective purposes. They are, however, quick and in-

expensive and are immeasurably better than no index at all.

3.3.1.2 Automatic Indexing "In Depth''.  The use of abstracts or full-text as input is

fraught with more fundamental difficulties. Vocabulary control (as described above) be-
comes increasingly important. Not all "non-common words' should be selected as index
terms. Further, it is often true that a phrase is meaningful whereas the individual words
therein are not (e.g., "Last Clear Chance"). Hence the problem is to develop an algorithm
which will select from each text the "right' words or phrases as index terms. Even then,
there exist the problems of hierarchy and near-synonymy, as discussed above. The

"right" words or phrases may not even appear in the text.

The first attcmpts(zg)

to automatically index text depended upon selection, as
index terms, of the words which appeared most frequently in a given text, followed by
deletion of the "common words." It was next attempted to assign all selected words to
one or imore ''notional families" (i.e., broad concepts) and to index the text by the
"notional fainilies ' occurring most frequently. Rationaliy derived '"notional families"
were not easily developed, however. Assumiug that a thesaurus could be made available
to the computer, the words selected from the text could presumably be augmented auto-
matically with synonymously and hierurchically related terms from the thesaurus. Even
this is of dubious value in that context is important as with the term LOGIC when indexing

different documents about philosophy and computer design.

The most recent efforts(”) attempt to determine the uistribution of each word

in all texts of a collection. It is then assumed that "non-informing' words will be evenly
distributed over all texts and can thus be detected and deleted. The remaining words would
ke Vinforraing" words, and each such word would be used as an index term for those texts
containing it most frequently. There is a certain -ationale to approaches of this type,

but they still leave unsolved the problem of automatic index augmentation and the detection

of meaningful phrases.

It is slowly being realized that automatic indexing will be just as inconsistent as

"human indexing,' because automatic :1dexing depends prirarily upon the words used in a
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text written by a human being. The realization of the unattainability of a high degree of
consistency in "human indexing' brought about actiun to develop thesauri for use both

in creating and in searching "human indexes" (as described above). So also is the
realization of the unattainability of a high degree of consistency in automaiic indexing
bringing about efforts to develop and use thesauri via computers. The realization has

not yet generally dawned, however, chat automatic use of thesauri (whether they be created
by man or computer) to augment search terms, is probably self-defeating again because of
the problems of context.

First is the fact that term augmentation (either during indexing or search)
ideally should select quite different thesaurus terms in response to slightly different
connotations of the same text or search term. (Witness the example cited above with
respect to the single term LOGIC when used by a philosopher and a computer designer.)
No automatic method is in view for making this distinction among terins listed in a
thesaurus as being related to LOGIC. It would appear that human intervention in the
augmentation process is unavoidable. Second, there is only a modest effort being devoted
to the automatic detection of meaningful phrases rather than single words when using a
computer to generate a thesaurus based on text. Much of the work pertinent to analysis
of text it being done by linguists and computer program (format) language developers as
well as by IS&R specialists. (See Appendix A.)

Automatic indexing might succeed via use first of a syntactical analysis pro-

(A8)

example, one of the following sentences should be "described' by the term "information

o
gram on full text, thus o detect meaningful phrases rather than single words. For

retrieval' and the other should not.

(1)  Because the capsule contains secret information retrieval
is essential.

(2)  This study dealt with the retrieval of data and information.

Phrases detected via this syntactical approach could then be processed to ensure
ex:raction of all significant candidate index termns (e.g., "retrieval" from "information
retrieval') and their addition to the candidate term list. The number of uses of each

candidate term thus extracted from each document could then be tallied and the distribution

* References(A8) etc. refer to the supplemental bibliography in Appendix A.
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terms with highly skewed distributions would then be accepted as index terms for those
doc« ts in which they occurred with more than a threshold frequency. The automatic
indc a1ny process might stop at this point, without augmentation of the indexing either auto-
matically or "cerebrally. n(A21, A22)
Retrieval sheuid covnsist of 2 human being referring to a thesaurus to phrase
inquiries in all manners (and using all terms) by which the computer might have indexed
the desired documents. (The same philosophy applies to human-indexed systems.) The
usual Boolean expressions could then be utilized to retrieve documents either manually

or mechanically.

Such a scheme of automatic indexing (a combination of szveral independent

(29) (17) (A8)

approaches now being investigated) would seem to have a good chance of

being technically sound.

3.3.2 Automatic Abstracting (Extracting)

Efforts to abstract documents automatically have consicted of an extension of
Luhn's technique of indexing via selection of the words (excluding '"common words") ap-
pearing most frequently in the text. (28) Each tex. sentence is then ranked according to
how many index terms appear therein, and how important (based on occurrence) the index
words are in that given document. Highest ranked sentences are then selected as an "auto-

abstract" or, more correctly, an "auto-extiract."

A number of refinements have been suggested which would tend to increase the
validity of Lubn's exiracting technique. Baxendale (AT) claimed that a larger list of
"uncommon' words would eliminate more noise and increase the probability of selecting
the most meaningful words and sentences. She favored using only the "prime sentences"
of a document consisting of the title, the summary,and the first and last sentences of each
paragraph. She also attempted to isolate meaningful prepositional phrases statistically,
since she believed such phrases to be an active part of speech which have a great influence

on meaning.
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It has been suggested thal a thesaurus be built which would fit in the computer
and which would be used to select only those words which bear strong meaning in a
particular field of endeavor. But thesauri are difficuit to build, consume rauch memory

space, and increase the operating cost by slowing dovn the processing.

The statistical approach has been advancec a further step by Doyle(A 10, A1)

who advocates the introductien of large volumes of full text into the computer for statistical
analysis. The analysis would permit the calculation of a weight for each word in a
thesaurus to show its relative significance, A true evaluation of this approach must await
the more widespread use of an inexpensive optical character reading device to convert

into machine language the large amount of text required for the analysis.

(A8)

Up to this point, the approaches described have been statistical. Climenson
has develeped a syntactical technique for parsing seatences in a computer in order to
eliminate the modifying phrases and to retain the skzleton of each sentence. If the parsing
is valid, the syntactical approach has an advantage over the statistical approach, which
presents whole sentences and large gaps between them, causing a lack of continuity.

The syntactical approach, on the other hand, avoids the problem of discontinuity by
presenting at least a condensed form of each sentence in the original text. However, the

automatic parsing of sentences has not yet reached an operational, much less econormical,

stage for commercial use.

Automatic extracting techniques have been generally unsuccessful, although
occasionally a document is found which results in an extract which should be sufficiently
informative, concise, and coherent. Most extracts produced by these various techniques

lack one or more of these three important characteristics.
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SECTION IV. INFORMATION PRODUCTS AND SERVICES

This section describes the varicus information products and services which are
being employed to aid the process of commmunication between the originators and end-users

of information. These products and services may pbe broadly categorized into two groups:
(1) current awareness services and
(2) retrospective services.
Table 4-1 classifies information products and services by their form, i.e.,

individual items, reference tools and correlations; and by their mode of use, i.e., current

awareness or retrospective.

Table 4-2 surnmarizes some of the key aspects, including advantages and dis-

advantages,of the various information products and services described in this section.

W CURRENT-AWARENESS SERVICES

Until 1830 the scientific journal was the principal medium for disseminating
scientific information. By the year 1830, there were about 300 journals being published.
To cope with the problem of keeping abreast of so many journals, the first abstract journal

Tnr ]

was introduced in the year 1830, By 1350, there were some 30, 000 primary journals and
300 abstract joarnals, (15) It has been suggested by Dr. Derek de Solla Price that the
information problem is such today that what is needed is a significant advance, i.e., some-
thing which is to the abstract journal as the abhstract journal was to t' 2 primary journal

in the year 1830. (13)

4,1.1 Journals

There are a number of aspects which are common to most scientific and tech-
nical journals, which are worth describing here. First a journai is generally a collection
of several articles. In most cases, there is a "critical review" by an editorizi staff and

others in the field before an article is accepted for publication. The majuiity of scientific




TABLE 4-1. CLASSIFICATION OF INFORMATION PRODUCTS AND

SERVICES DY FORM AND MODE OF USE

Form of Information
Reference
Mode of Use Items Tools Correlations
Journals Abstract Journals State-of-the-Art
Report
Reports Contents Journals
Memoranda KWIC Indexes
Current-
AwaTeness Correspondence Current Bibliographies
Services Newsietters Citation Indexes
Preprint Dissemination Loose Leaf Services
Microform Dissemination Selective Dissemination
{abstract cards)
Test Results
Journal Articles Document Retrieval Fact Retrieval
Systems Svstems
Retrospective Abstracts Citation Indexes State-of--the-Art
Services Reports
Drawings KWIC Indexes Handbooks
Reports Book-Form Indexes
Memoranda Catalogs
Coordinate Indexes
Maps
Demand Bibliographies
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TABLE 4-2.

SUMMARY OF KEY ASPECTS OF VARIOUS INFORMATION SERVTCES

Current Awareness Services

Advantages

Disadvantages

Journal

Abstract Journal

Contents Journal

KWIC Index
Pre-Print and Report
Dissemination

Microform Dissemination

Selective Dissemination

Retrospective Services

Subject Heading Index

Uniterm Index

Tabledex Index

Collection of articles
Critical review
Graphic arts quality
Wide circulation

Broad coverage
Reduces bulk

Provides hibliographic control

Inexpensive
Convernient for browsing

computer produced
Quickly produced

Direct
Quick

Decentralizes copying
inexpensive
Direct

Tailored distributions based
on profiies

Automatic distribution

Possibility of feedback

Advantages

Easy to use
Inexpensive to produce

Ease of publication
Coordinate searching
Deep indexing

Coordinate searching
Can get item count directly
Deep indexing

Too many journals
High cost

Narrowly indexed

Poor typographic quality
Difficult to browse
Poor indexing quality

Narrow circulation
Relatively expensive
Too much information

Narrow circulation
Too much information
Inconvenient tc read

Expensive

Requires deep indexing

Feedback is difficult
to obtain

Disadvantages

Low depth of indexing

Difficult to use

Difficult to use
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TABLE 4-2. SUMMARY OF KEY ASPLCTS OF VARIOUS

INFORMATION SERVICES (Continued)

Retrospective Services

Advantages

Disadvantages

Citation Index

Library Card Catalog

Edge-Notched Cards

EAM Cards

Peek-a-Boo Cards

Machine Search - Document No.

Machine Search - Citations or
Abstracts

Machine Search - Docament
Display

Machine Search - Microform

Muochine Search - Data
(‘orrelation

Provides searching ideas
History of use of an article

Ease of updating
Provides a useful suirogate
Catalog to index combined

Needle sorting

Can combine image and coding

Machine sorting and
reproduction

Can combine image and
coding

Ease of searching
Simplicity

Fast
Liificient

Provide surrogate to
"Lock at"
Relatively efficient

Provides "Look at"
function

Provides "Look at' function
Provides "Take away"
function

Provides ''facts"
Provides "answeyrs"
Provides analyses

Expensive to produce

Difficult to publish

Low depth of indexing

Limited fields

Limited fields

Dedicated space
Expensive to input

Additional st r

required

to find sur.ogate and
then to find document

Separate step to find

document

Slow
Expensive
Inefficient

Slow
Expensive
Inefficient

Difficult to set up
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Figure 4-1. Growth of Journals and Abstract Journals
(Taken from de Solla Price, D. J, Little Science, Big Science)(ls)
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and technical journals still utilize graphic arts, quality typesetting and printing, although
many journals, espzcially those produced by tiie smalier professional societies, are in

financial difficulty. This is due primarily tc the high cost of typesetting and printing and
to the lack of growth in the number of subscribers. The latter cause is the result of a
trend toward subscription by libraries z2nd information centers rather than by individuals,
wherein each cupy rece.ves more use (and frecuent photo-copying) than does the copy of an
individual subseriber. As a result, many scientific publications are being subsidized by
Government agencies and non-prefit foundations. This eituation suggests the possibility
that the primary journal may not centinue to enjoy the major rcle it has played thus far ia
the comamunication of scientific and technical information. The journal article, however,
is a social as well as technical phenomena, inasmuch as it contributes to the author's

prestige as well as to the reader's knowledge.

4.1.2 Abstract Journals

Abstract journals originally were intended to perform a current-awareness
function by compressing or digesting journal articles and thereby reduce the bulk of
material which the subscriber had to read. Abstracts may be merely indicative(indicating
content), in which case they are used to help the reader decide whether he should read the
full text of the article, or informative (condensations or summaries), in which case the
abstract may be 4 sufficient substitute for the article itself. With the great proliferation of
information we have experienced in recent years, the so-called profession-oriented abstract
and index services, e.g., Chemical Abstracts, Biological Abstracts, and index Medicus

are less frequently used for current-awareness purposes. Rather. ther are purchased
by libraries and utilized primarily in the retrospective search mode. On the other hand,
the more specialized abstract and index services such as Cancer Chematherapy Abstracts

are more frequently utilized in the current-awareness mode as well as in the retrospective
mode.

As a result of the trend toward the centralization of acquisitions of reports,
journals, and other documented information, the component within the organization responsi-
bie for these acquisitions frequently publishes what has come to be known as an announcement

journal. The announcement journal may be merely an acquisition list or may take the form
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of a hgh -quality abstract journal with associated subje

and other indexes, which are cumulated and vepublis
The arrangement of 1,2 abstracts within an abstract journal may vary from a
completely random arrangement to a highly ciassified arrangement which tends to
resemble an index. Under the purely random (accession number) arrangement, there is
always only one entry of the abstract. Under the classified arrargement, there may be
one or more entries, depending upon cost and bulk considerations and upon whether there

1S a separate index to the abstracts themselves.

In contrast to the primary journal, the majority of abstract journals are not of
graphic arts quality, provided by monotype, linotype, or photocomposition. In fact, a
wide range of qualities is prevalent, ranging from a low of all upper-case computer output
'camera-ready'' copy to the highest graphic arts quality copy produced by photo-composition.
(See Figure 4-2.)

4.1.3 Contents Journals

Ar inwveresting current-awareness product entitled "Current Contents'” has been
successfully marketed by the Institute for Scientific Information in Philadelphia. Current
Contents is a coliection of the fables of contents from a wide number of primary journals
1n a specified field. It allows the user to "hrowse' through the tables of contents of a
larger number of journals than he could ever conceive of subscribing to. If he is inter-
ested in reading an article, he can either obtain it from his library or request a copy from
the publisher. Current Contents has proved to be an effective current-awareness service.
Perhaps one of the reasons for its success is that the user is not forced to think about
what he is (ooking for while browsing through each issue. This is the feature which dis-
tinguishes Current Contents irom beok form indexez, which, while sometimes considered

to be currenti-awareness tools, are more frequently used for retrospective teaching.

4.1.4 Key-Word-in-Context Indexes

The key-word-in-context (KWIC) index utilizes key words selected frora the text
or title of a documeat along with the surrounding words of context, as index entries. The

ni;ost common type of key-word-in-context index is the so-cslled permuted title index.
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of the index eniry may either be the

3
3.

which is generally produced by computer. The for
wraparounu variety where those words not in iimmediate proximity to the key word are

chopped off as illustrated in Figure 4-3 (a) or the variety illustrated in Figure 4-3 (b),

wherein the key word is displayed separately.

The number of KWIC indexes being produced is increasing; however, this may
be an indication not of their acceptance or utility, but rather of the ease with which they
can be produced. The KWIC index is useful, however, as a retrospective tool where a
more refined index is unavailable or impractical to produce. One manifestation of the

advent of KWIC indexing is the recognition by authors of the need for informative titles.

4.1.5 Initial Dissemination Schemes

Another common form of information communication is by the automatic dis-
semination of printed material. These schemes may range from the formal distribution
of preprints to a handful of interested recipients by the author to a highly organized system

for seleciive dissemination of information.

4.1.5.% Preprint and Report Dissemination. The sponsors of research and development

generally will see to it that the results of research and development are disseminated. They
will distribute anywhere from ten to several thousand copies to those pecple or organiza-
tions on a particular mailing or distribution list. This distribution may be made from the
nitial printing by the generator of the report or from a special reprinting made for this
purpose. Generally, depository libraries and information centers are on most of the dis-

tribution lists for Government sponsored research.

4.1.5.2 Microform Dissemination. A number of Government document information

centers are making initial distributions {n microform. The microfilm aperture card
(Figure 4-4 (a)) is the standard microform for engineering drawings. For technical re-
ports, there will probably be a standardization on the microfiche, i.e., transparent micro-
film sheet (Figure 4-4 (b)). Standards are presently being developed covering size, format
and reduction ratios by the National Microfilm Association. One of the purposes of the
microform dissemination pregram is to decentralize ihe production of hard-copy. Repro--
ducibles are made available to those groups which would otherwise be likely to request
hard-copy from the central document store. The distribution of these microforms is

usuaily on a "broadcast" basis by broad categories and not based on a highly selective

4-9
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microfor a dissemination is included in Section VIII

4.1.5.3 Selective Dissemination of {nformation (SDI). A relatively sophisticated current-

awareness service has come to be known as SDI for Selective Dissemination of Information.

Under SD(, an individual (or an organizational component) automatically receives irom an
information center the announcement of all wmaterial which is relevant to his or its work.
Selective Dissemination as illustrated by ¥igure 4-5 is accomplished by matching the index
terms assigned to the current accessins of the information center against all of the index
terms assigned to the interest profiles of tre individuals and organizational components
serviced by the center. An interest profile is prepared initially by a combination of inter-
view and questionniire techniques. The profile is then translated into the language of the
system and may b: considered as standing questions stated in Boolean terims, e.g., logical
intersections, lojyical unions, and even logical neg:tions of index ferms. However,most SDI
systems only employ logical uniens. The interest profiles are generaily updated to add new

projects as well as to delete completed projects.

An essential ingredient to the success of any SDI system is feedback, i.e., the
ability io automatically adjust the system ir response to the changins; experience of and
evaluation by the users of the system. For example, if the system is flooding the recipient

with information, a means must be provided for correcting this situation.

A common form of octput fror: an SDI system is a tabulating card on which an
ebstract, a citation, or merely a title is printed. Alternatively, this output might
be a card containing several pages of images, or perhaps it might be an exti-emely in-
expensive microform containing the entire document with 2 few elements legibie enough for
the reader to evaluate its relevance. Provision is made on the SDI cards for requesting a
hard-copy of the document. There is also a place for indicating whether or not the document
was relevant, which closes the feedback loop to the sysitem. Unfortunately, where this
feedback aspect is not effeétively policed, the users of the system may become inundated
with non-relevant information. This suggests that SDI systems ccvering individuals may
only be practicable within the confines of a single organization wherein all users are under
the management of that organization. On the other hand, SDI services directed at orgaaiza-
tional components or so-called "interest centers' might be effectively provided by infor-

mation centers,
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RETROSPECTIVE SEARCH SERVICES

rvices whether manual or machine-assisted must

-

2ty Y SR T mAan A
All TELrospeciive seard

provide for three basic functions from the user’s standpoint. These are:

£

(1)  look-up (locate)
(%) look-at (exainine)

(3) take-away (use, retain).

In the look-up function, the user will utilize either a manual index or an index in
a machine to locate documents or, more often, surrogates of documents which may be of
interest. Manual indexes may be in book form or card form. He will then have to look at
these surrogates, which may be citations, titles, abstracts.or even the full text, to deter-
mine whetner the docuirnents are probably relevant to his problem. These two steps, i.e.,
look-up and look-at, may be repeated several times. Lastly, he will want to take away a

copy of the relevant documents, either on a loan basis or for retention.

With a user-controlled index, such as a book form index, the user may in effect
conduct a dialogue with the index. He may readily modify his search as his deductive ability
and serendipity leads him to more fruitful avenues of approach. By scanning the surrogates
the user is able to screen out those items which do not appear tc be relevant. Machine search
systems do not generally permit a di